■ V M> . . S0/5547i 

JC14 Rec'd PCT/FTQ 2 7 OCT 2005 

SPECIFICATION 
MULTI-VANE CENTRIFUGAL BLOWER 
FIELD OF THE INVENTION 

The invention of the present application relates to the structure of a multi-vane 
centrifugal fan. 
RELATED ART 

Among multi-vane centrifugal fans, there is one as depicted in FIG. 7 through FIG. 9, 
for example. This multi-vane centrifugal fan comprises an impeller 103 and a fan housing 
104. 

The impeller 103 comprises a hub 131, numerous vanes 133, 133, ... and an annular 
member 132. With the impeller 103, one ends 133c of the numerous vanes 133, 133, ... are 
fixed to the hub 1 3 1 capable of rotating about a shaft core, and are provided and arranged 
spaced apart by a predetermined spacing in the circumferential direction. In addition, with the 
impeller 103, tfre annular member 132, which is for reinforcement, is mated and fixed to the 
outer circumference of the end parts 133d on the opposite side of the numerous vanes 133, 
133, . . .. This impeller 103 is housed inside the fan housing 104. 

An air suction port 105 is formed in the fan housing 104, surrounded by a curved part 
105a that is arcuate in the air suction direction, as depicted in FIG. 7. In addition, the fan 
housing 104 has a scroll structure having an air blow out port 141 in the centrifugal direction. 
The impeller 103 is housed and supported inside this fan housing 104 via a motor shaft 102a 
of an impeller drive motor 102. When the motor shaft 102a is rotatably driven by the impeller 
drive motor 102, the air sucked in from the air suction port 105 is blown out into a vortex 
chamber 140 in the fan housing 104 via vane passageways between the vanes 133, 133, ... , 
and the air is subsequently blown out from the air blow out port 141 to the outside, as 
depicted by the arrows of the virtual lines (the chain double-dashed line) in FIG. 7. 

The abovementioned type of multi-vane centrifugal fan comprises an annular bell 
mouth that includes the curved part 105 a formed around the circumference of the air suction 
port 105 of the fan housing 104, but the impeller 103 has a shroudless structure that does not 
comprise a member (a so-called shroud) having a surface opposing this bell mouth. A sirocco 
fan having such a shroudless structure is disclosed in Japanese Unexamined Utility Model 
Application Publication No. S59-1 82698 (pp. 2-6, FIG. 1 through FIG. 5). 

If such a shroudless structure is adopted, then it is possible to reduce the number of 
parts in proportion to the absence of a shroud and to thereby reduce the weight of the multi- 
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vane centrifugal fan, compared with the case wherein a structure having a shroud is adopted, 
as disclosed in Japanese Examined Published Patent Application No. H07-27097. 
DISCLOSURE OF THE INVENTION 

In the case of the multi-vane centrifugal fan having a shroudless structure, a vane 
5 width Wl of the vane 133 is fixed from an air inlet side edge part 133a (the portion on the 
shaft core side) to an air outlet side edge part 133b (the portion on the side opposite the shaft 
core), as depicted in FIG. 9, for example. In addition, the shape of the end part 133d on the 
air suction port 105 side is also flat, the same as the portion on the hub 131 side. Accordingly, 
the sealing performance is low in the vicinity of the air suction port 105. Consequently, as 

10 depicted in FIG. 7, for example, a reverse flow region R is generated in the vicinity of the end 
part 133d (refer to FIG. 9) on the air suction port 105 side of the air outlet side edge part 133b 
of the vane 133, and there is consequently a problem of increased aerodynamic noise because 
of the increased relative velocity of the blow out air flow in the vicinity of the air outlet side 
edge part 133b of the vane 133. 

1 5 In addition, turbulence due to interference is generated in the gap between the inner 

surface of the arcuate curved part 105a of the air suction port 105 and the impeller 103. This 
is also a source of aerodynamic noise. 

The invention of the present application was created to solve such problems, and is a 
shroudless multi-vane centrifugal fan as discussed above, wherein the bell mouth having a 

20 recessed part of a prescribed depth is provided around the circumference of the air suction 
port, and the air suction port side end part of each vane is sealably shaped corresponding to 
the cross sectional shape of the recessed part of the bell mouth. Thereby, a multi-vane 
centrifugal fan is provided that reliably solves the problems discussed above, and reduces 
running noise as much as possible. 

25 A multi-vane centrifugal fan according to the invention of the present application 

comprises an impeller, and a fan housing. The impeller comprises a hub, numerous vanes, 
and an annular member for reinforcement. The hub is rotatably driven around a shaft core. 
The numerous vanes are provided and arranged with a prescribed spacing in the 
circumferential direction of the hub, and are fixed to the hub. The annular member is 

30 provided on the side of the numerous vanes opposite the hub. The fan housing rotatably 
houses the impeller therein. In addition, an air suction port is formed in the fan housing. 
Furthermore, a bell mouth having a recessed part of a prescribed depth is provided in the fan 
housing around the circumference of the air suction port. Further, air suction port side end 
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parts (portions positioned on the side opposite the hub) of the numerous vanes are rotatably 
inserted inside the recessed part of the bell mouth, without having a shroud. 

Here, sealing performance increases because a bell mouth having a recessed part is 
provided, and the air suction port side end part of each vane is inserted into the recessed part 
5 of the bell mouth. Namely, a reverse flow of air is suppressed in the vicinity of the air suction 
port side end part of the air outlet side portion of the vane, and the flow speed distribution 
becomes nearly uniform over the entire area on the air outlet side of the impeller. Thereby, 
aerodynamic noise is reduced. 

In addition, if the gap between the bell mouth and the air suction port side end part of 
10 each vane is reduced, interference decreases, and the resulting aerodynamic noise also 
decreases. 

In addition, if the gap between the bell mouth and the air suction port side end part of 
each vane is reduced, it is preferable to make the shape of the air suction port side end part of 
each vane a sealable shape that corresponds to the cross sectional shape of the recessed part 
15 of the bell mouth. 

In addition, assuming a vane, for example, with a conventional constitution having a 
fixed vane width, if the portion inserted in the recessed part of the bell mouth is formed in the 
vane by cutting out a part of the air suction port side end part of that vane, then the weight of 
the vane decreases by just that portion, the load on the motor decreases, and the breaking 
20 strength of the vane increases. 

In addition, it is preferable to make the vane width, which is the length of the 
numerous vanes in the shaft core direction, so that the air outlet side is made smaller than the 
air inlet side, and so that it decreases with a prescribed variation pattern from the air inlet side 
to the air outlet side. In so doing, a more favorable sealing performance can be achieved in 
25 the vicinity of the bell mouth. 

In addition, the prescribed variation pattern wherein the vane width is reduced from 
the air inlet side to the air outlet side is preferably: a pattern wherein the shape of the air 
suction port side end part varies in a curved shape from the air inlet side to the air outlet side; 
a pattern wherein the shape of the air suction port side end part varies in an arcuate shape 
30 having a prescribed curvature from the air inlet side to the air outlet side; or a linear variation 
pattern wherein the shape of the air suction port side end part varies linearly from the air inlet 
side to the air outlet side. 

By adopting such a variation pattern, the air sucked in from the air suction port can be 
blown out more smoothly in the centrifugal direction because the vane width of the air outlet 
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side portion is reduced while making the vane width of the air inlet side portion of each vane 
large. 

In addition, it is preferable to provide the annular member positioned at the portion 
that is the air outlet side of the numerous vanes where the vane width that is the length of the 
5 numerous vanes in the shaft core direction is smallest, and that is the air suction port side. 
According to such a constitution, if the air suction port is disposed toward the upper side, the 
center of gravity of the impeller shifts downward, and the rotational state thereof becomes 
more stable. 

A multi-vane centrifugal fan according to another aspect of the present invention 

10 comprises an impeller and a fan housing. The impeller comprises a hub, numerous vanes, and 
an annular member for reinforcement. The hub is rotatably driven around a shaft core. The 
numerous vanes are provided and arranged with a prescribed spacing in the circumferential 
direction of the hub, and are fixed to the hub. The annular member is disposed on the outer 
side in the radial direction of the numerous vanes, and is integrated with the end parts on the 

15 side of the numerous vanes opposite the hub. The fan housing rotatably houses the impeller 
therein. The spaces interposed between adjacent vanes of the impeller are fully open in the 
shaft core direction and in the direction of the side opposite the hub. The air suction port is 
formed in the fan housing, and a bell mouth having a recessed part of a prescribed depth is 
provided in the fan housing around the circumference of the air suction port. Further, air 

20 suction port side end parts positioned on the side of the numerous vanes opposite the hub are 
inserted inside the recessed part of the bell mouth. 

Here, sealing performance increases because a bell mouth having a recessed part is 
provided, and the air suction port side end part of each vane is inserted into the recessed part 
of the bell mouth. Namely, a reverse flow of air is suppressed in the vicinity of the air suction 

25 port side end part of the air outlet side portion of the vane, and the flow speed distribution 
becomes nearly uniform over the entire area on the air outlet side of the impeller. Thereby, 
aerodynamic noise is reduced. 

In addition, because the annular member is disposed on the outer side of the vanes in 
the radial direction, and because the spaces interposed by adjacent vanes are completely open 

30 in the shaft core direction and in the direction of the side opposite the hub, the annular 
member and the vanes can be easily formed by integral molding. 
BRIEF EXPLANATION OF DRAWINGS 

FIG. 1 is a horizontal cross sectional view that depicts the constitution of a multi-vane 
centrifugal fan according to the first embodiment of the invention of the present application. 
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FIG. 2 is a longitudinal cross sectional view that depicts the constitution of the multi- 
vane centrifugal fan. 

FIG. 3 is an oblique view that depicts the constitution of an impeller of the multi-vane 
centrifugal fan. 

5 FIG. 4 is a front view that depicts the constitution for all of the vanes of the impeller. 

FIG. 5 is a front view that depicts the constitution for all of the vanes of the impeller 
according to the second embodiment. 

FIG. 6 is a front view that depicts the constitution for all of the vanes of the impeller 
according to the third embodiment. 
10 FIG. 7 is a cross sectional view that depicts the constitution of a conventional multi- 

vane centrifugal fan. 

FIG. 8 is an oblique view that depicts the constitution of an impeller of a conventional 
multi-vane centrifugal fan. 

FIG. 9 is a front view that depicts the constitution of all of the vanes of the impeller of 

15 a conventional multi-vane centrifugal fan. 
PREFERRED EMBODIMENTS 
<FIRST EMBODIMENT> 

FIG. 1 through FIG. 3 depict the constitution of the multi-vane centrifugal fan 
according to the first embodiment of the invention of the present application. This multi-vane 

20 centrifugal fan 1 comprises an impeller drive motor 2, an impeller 3, and a fan housing 4, as 
depicted in FIG. 1 and FIG. 2. The impeller 3 is supported by a rotary shaft 2a of the impeller 
drive motor 2, and is rotatably driven by the impeller drive motor 2. The fan housing 4 
rotatably houses the impeller 3 via the rotary shaft 2a of the impeller drive motor 2. This fan 
housing 4 comprises an air suction port forming plate 6, a bell mouth 7, and the like. The air 

25 suction port forming plate 6 forms an air suction port 5. The air suction port 5 is positioned 
concentric with a rotational axis O-O (shaft core) of the impeller 3, and has a size 
corresponding to the inner diameter of the impeller 3. The bell mouth 7 is positioned around 
the circumference of the air suction port 5. 

The impeller 3 comprises a hub 31, numerous vanes 33, 33, ... , and an annular 

30 member 32 for reinforcement. The disc shaped hub (main plate) 31 is rotatable about the 

rotational axis O-O. Each of the numerous vanes 33, 33, .. . has a prescribed vane width/vane 
outer diameter ratio. The numerous vanes 33, 33, ... are each fixed to the hub 31 and 
provided and arranged in the circumferential direction with a prescribed vane spacing and at a 
prescribed vane angle corresponding to the rotational direction of the hub 31. The annular 
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member 32, which is for reinforcement, is mated and fixed to, or integrally formed with, the 
outer circumferential portion of each of the vanes 33 on the side opposite the hub 31 (the air 
suction port 5 side). Furthermore, the annular member 32 is disposed on the outer side in the 
radial direction of the numerous vanes 33, 33, .... 
5 Furthermore, in the case of the impeller 3 of the first embodiment, an end part 33c of 

each of the vanes 33, 33, ... on the hub 31 side is flat, and is provided and arranged in an 
orthogonal state and fixed to the surface of the hub 31. However, an air suction port side end 
part (end part on the air suction port 5 side) 33d of each of the vanes 33, 33, ... on the side 
opposite the hub 31 is curved. As depicted in detail in FIG. 4, the vane width of an air inlet 

10 side edge part (end part on the rotational axis O-O side) 33a of each of the vanes 33, 33, . . . is 
the vane width Wl, which is identical to the vane width of the vane of the conventional 
impeller discussed earlier (refer to FIG. 9). In contrast, the air outlet side edge part (end part 
on the side opposite the rotational axis O-O) 33b of each of the vanes 33, 33, ... has a vane 
width W2 smaller than the vane width Wl by just a prescribed dimension W3. Furthermore, 

15 the air outlet side (the side opposite the rotational axis O-O side) is notched so that the shape 
of the end of each of the vanes 33, 33, . . . forms an arcuate shape of a prescribed curvature 
that is inwardly recessed. Thus, each of the vanes 33, 33, . . . is constituted so that the vane 
width becomes smaller in an arcuate pattern of a prescribed curvature from the air inlet side 
edge part 33a to the air outlet side edge part 33b. 

20 As will be discussed later, this arcuate shape is formed corresponding to the cross 

sectional shape of a recessed part 7a, having a prescribed depth, of the bell mouth 7 provided 
around the circumference of the air suction port 5. In a state wherein the air suction port side 
end part 33d of each of the vanes 33, 33, ... is loosely fitted inside the recessed part 7a as 
depicted in FIG. 2, any one of a front edge face part A, a tip face part B, or an arcuate end 

25 face part C of each air suction port side end part 33d has a spacing (clearance) to the inner 
circumferential surface of the recessed part 7a of the bell mouth 7 that is smaller than other 
portions. Thereby, the generation of the reverse flow region R as discussed earlier is 
suppressed, interference and leakage flow generated due to the presence of a gap between the 
air suction port side end part 33d of the vane 33 and the inner circumferential surface of the 

30 recessed part 7a of the bell mouth 7 are suppressed, thereby suppressing turbulence due to 
that leakage flow and interference, and achieving a reduction in ventilation noise. 

The annular member 32, which is for reinforcement, is mated and fixed to the portion 
that is the air suction port side end part 33d of each of the vanes 33, 33, . . . and that are the air 
outlet side edge parts 33b, 33b, . . . , and is integrated with the vanes 33, 33, . . .. each of the air 
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outlet side edge parts 33b, 33b, ... is the portion of the minimum vane width W2, as shown in 
FIG. 4. 

As depicted in FIG. 1, the fan housing 4 forms an overall scroll structure, and its cross 

section forms a continuous plurality of arcs each having differing radii. The passageway that 
5 forms an air blow out port 41 of the fan housing 4 is shaped extending from an arcuate 

surface positioned on the most downstream side of the scroll portion and tangential to a 

prescribed air blow out direction, and its radii are substantially equal. 

A recessed part 7a is formed in the bell mouth 7. The recessed part 7a, having a 

prescribed depth, has a cross sectional shape suitable for the air suction port side end part (tip 
10 portion extending from the annular member 32) 33d of each of the tapered vanes 33, 33, ... , 

as depicted in FIG. 4., to loosely fit rotatably with a small clearance on a level so that a 

leakage flow is not generated. Specifically, the recessed part 7a protrudes upward (in the air 

flow upstream side direction) from the air suction port forming plate 6, as depicted in FIG. 2. 

The extent of the protrusion corresponds to the width W3 of the tapered portion of the air 
1 5 suction port side end parts 33d, 33d, ... of the vanes 33,33,.... The shape of the tapered 

portions of the air suction port side end parts 33d, 33d, . . . having a width W3 and the shape 

of the recessed part 7a are related, as depicted in FIG. 2. 

The mutually continuous portion (the boundary portion) between the air suction port 

forming plate 6 and the bell mouth 7 is provided with a step part 6a, as depicted in FIG. 2, 
20 whose width (the step) corresponds to the width (the thickness) of the annular member 32. 

Thereby, the vane width W2 portion from the annular member 32 to the hub 3 1 corresponds 

to the widths of the passageways of a vortex chamber 40 and the air blow out port 41 inside 

the fan housing 4. 

As discussed above, the gap between the tapered air suction port side end parts 33d, 
25 33d, . . . of the vanes 33, 33, . . . and the inner surface of the recessed part 7a of the bell mouth 
7 of the fan housing 4 is narrowly formed so that it is less than a prescribed value. 
Consequently, it is possible to suppress the generation of a reverse flow of air in the region 
close to the air suction port side end part 33d of the air outlet side edge part 33b of each of 
the vanes 33, 33, . . . of the impeller 3 without providing the impeller 3 with an annular shroud 
30 opposing the annular bell mouth 7. Thereby, the flow speed distribution becomes close to 
uniform, and the multi-vane centrifugal fan 1 can be operated with little noise. 

The following enumerates the features of the multi-vane centrifugal fan according to 
the first embodiment. 
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Here, the recessed part 7a having a prescribed depth is formed in the bell mouth 7 of 
the fan housing 4. Because the air suction port side end part 33d of each of the vanes 33, 33, 
... of the impeller 3 corresponds to the cross sectional shape of the recessed part 7a, the 
sealing performance is sufficiently high even without a shroud. Thereby, a reverse flow at the 
5 vicinity of the air suction port side end part 33d of each of the air outlet side edge parts 33b, 
33b, ... of the vanes 33, 33, ... is suppressed while having the advantages of a shroudless 
structure (reduction in the number of parts, weight, and disc friction); consequently, the flow 
speed distribution over the entire area of the space on the air outlet side of the vanes 33, 33, 
... becomes nearly uniform, and the relative velocity decreases. As a result, the aerodynamic 
10 noise decreases. 

In addition, because the gap is small between the air suction port side end parts 33d, 
33d, ... of the vanes 33, 33, ... and the inner circumferential surface of the recessed part 7a of 
the bell mouth 7, there is little interference, and aerodynamic noise due to interference is also 
reduced. 

15 In addition, as can be understood by comparing FIG. 4 with FIG. 9, if the shape 

corresponding to the cross sectional shape of the recessed part 7a of the bell mouth 7 and 
suited to sealing the vanes 33, 33, ... is formed by, assuming the shape of the vane 133 whose 
conventional vane width depicted in FIG. 9 is fixed at Wl, cutting out part of that air suction 
port side end part 133d, then the weight of the vane 33 decreases by just that portion, the load 

20 on the impeller drive motor 2 decreases, and the breaking strength of each of the vanes 33, 33, 
... increases. 

In addition, with the multi-vane centrifugal fan 1 according to the first embodiment, 
the vane width of each of the vanes 33, 33, . . . is constituted so that the air outlet side edge 
part 33b is smaller than the air inlet side edge part 33a, and so that it decreases with a pattern 
25 that varies with the arcuate shape having a prescribed curvature from the air inlet side edge 
part 33a to the air outlet side edge part 33b. Because it is so constituted, a more favorable 
sealing performance can be achieved in the vicinity of the bell mouth 7. 

In addition, because the vane width Wl of the air inlet side edge part 33a of each of 
the vanes 33, 33, . . . is made large while the vane width W2 of the air outlet side edge part 
30 33b is made small, the air sucked in from the air suction port 5 into the fan housing 4 can be 
blown out in the centrifugal direction more smoothly. 

In addition, with the multi-vane centrifugal fan 1 of the first embodiment, the annular 
member 32 for reinforcement is provided and arranged at the portion that is the air outlet side 
edge part 33b, which is where the vane width of the vane 33 is smallest, and that is the air 

I 
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suction port side end part 33d. Because it is so constituted, if the air suction port 5 is disposed 
toward the upper side as depicted in FIG. 2, then the center of gravity of the impeller 3 shifts 
downward and its rotational state is more stable compared with the conventional multi-vane 
centrifugal fan depicted in FIG. 7. 
5 <SECOND EMBODIMENTS 

FIG. 5 depicts the constitution of the vane portion of the multi-vane centrifugal fan 
according to the second embodiment of the invention of the present application. 

Here, the shape of the notched part of the air suction port side end part 33d in the 
constitution of the abovementioned first embodiment is modified to a shape wherein the vane 
10 width from the air inlet side edge part 33a to each of the air outlet side edge parts 33b, 33b, 
... decreases linearly from Wl to W2, as depicted in FIG. 5. 

With such a shape as well, the clearance between the air suction port side end parts 
33d, 33d, . . . of the vanes 33, 33, ... and the recessed part 7a of the bell mouth 7 can be 
reduced, sealing performance can be ensured, and reverse flow can be suppressed; thereby, 
15 with this case as well, leakage flow in the vicinity of the bell mouth 7 can be suppressed, and 
ventilation noise can be reduced. 
<THIRD EMBODIMENTS 

FIG. 6 depicts the constitution of the vane portion of the multi-vane centrifugal fan 
according to the third embodiment of the invention of the present application. 
20 Here, the shape of the notched part of the air suction port side end part 33d in the 

constitution of the abovementioned first embodiment is made to vary by decreasing in a 
curved shape (more specifically, an S-shaped curve) from the air inlet side edge part 33a to 
each of the air outlet side edge parts 33b, 33b, ... , as depicted in FIG. 6. 

The notched part of the air suction port side end part 33d can be modified to a variety 
25 of curved shapes from the air inlet side edge part 33a to each of the air outlet side edge parts 
33b, 33b, ... ; however, if substantially S-shaped as mentioned above, then the entirety of the 
air suction port side end part 33d can particularly be made to correspond to the cross sectional 
shape of the recessed part 7a of the bell mouth 7. 

Thus, in this case, because the clearance to the recessed part 7a of the bell mouth 7 
30 can be reduced across the entirety of the air suction port side end part 33d, sealing 

performance can be further increased, and reverse flow can be effectively suppressed in the 
vicinity of the portion that is the air outlet side edge part 33b and that is the air suction port 
side end part 33d. In addition, it also becomes more difficult for leakage flow to be generated. 
INDUSTRIAL FIELD OF APPLICATION 



9 



According to the multi-vane centrifugal fan of the present invention, operating 
be effectively reduced without reducing fan efficiency. 
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